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gold colloidal aqueous solution was immediately used for the experiment. 4 . 3 The HAuCl 4 Gold Peeling from Glass Substrate and Lithography. Gold peeling experiments were performed by immersing gold-coated glass chip (ca. 1×1cm) into the aqueous solution containing certain amount of DNA (ss DNA or ds DNA) and NBS (as called as etching solution). A typical example was that immersing one gold-coated glass chip (ca. 1×1cm) without SAM modification into 500 µl PBS buffer solution containing 100µM DNA and 1mg NBS. If pyridine was used to replace DNA in the case of mechanism investigation, a typical example was that immersing one gold-coated glass chip (ca. 1×1cm) with or without SAM modification into 5ml aqueous solution containing 25µl pyridine and 13mg NBS.
Synthesis of HAuBr 4 solution from HAuCl
After given time, the chip was taken out, washed by copious water and subjected to further characterization. For the lithography at macro-scale, a red rubber pad with regular circular holes (ca. 
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evaporation. The sealed chamber with filled etching solution was then incubated at ambient condition for given time to finish the etching reaction. For lithography at micro-scale, a PDMS microfluidic channel was conform and tightly applied onto gold-coated glass chip and then the etching solution was allowed to fill into the channel ( Figure S1 ). The solvent used in the etching solution may be changed to ethanol from water if the filling process was hardly preceded due to poor water wettability of hydrophobic gold surface. After finishing the filling, two solution droplets were put on the inlet and outlet position of the microfluidic channels to seal the whole filled channels. Then a 100g load was carefully applied on PDMS stamps to further secure the conformal and tight contact between PDMS channel and gold surface. The whole setup was incubated at ambient condition for determined time to finish the etching reaction. Characterization. Optical microscopy was performed by a Nikon Eclipse TE2000-U. X-ray Photoelectron Spectra (XPS) were obtained on an AXIS Ultra (Kratos Analytical, NY) spectrometer with a monochromatic AlKα X-ray source (1.4867 KeV) and a monochromator. UV/vis spectra were acquired by using a Jasco V-670 spectraphotometer. Matrix-assisted laser desorption ionization time-offlight (MALDI-TOF) mass spectra were performed on an Applied Biosystems Voyager-DE STR Figure S1 . The schematic process for patterned lithography at micro-scale by the combinational use of gold etching solution and microfluidic channels.
Gold Nanoparticle Etching by
Electronic In another experiment, the experiment on gold nanoparticle etching by GSH/DNA under oxygen-free condition was repeated. The results showed the etching percentage as 45% at 16hr and 97% at 48hr that were comparable with 40% at 16hr and 100% at 48hr from the same experiment but under normal condition ( Figure 2 ). This result indicated that the contribution from oxygen to this etching process was low.
Before mixing with GSH/DNA After mixing with GSH/DNA We also measured the pH during the experiment (3.0 for GSH/DNA solution and 7.4 for NBS/DNA solution) by using pH test paper, and found that pH did not have a discernable change during the experimental period (0 to 48 hr). Figure S7 . XPS survey spectrum for bare pristine gold surface before incubating in the etching solution containing certain amount of pyridine and NBS. The binding energy for Au is clearly observed which mainly locates at 334.91 and 545.91eV from Au4d and Au4f levels respectively. The binding energy from Cr layer that is beneath gold layer is not observable because 45nm-thick gold layer would prevent x-ray photoelectron emission from underlying Cr layer. Figure S8 . XPS survey spectrum for bare pristine gold surface after contacting with the etching solution containing certain amount of pyridine and NBS for 10min at room temperature. The binding energy for Au4d and Au4f levels at 334.91 and 545.91eV are diminished, reflecting the gold layer could be completely peeled off within 10min. As a result, because of the disappearance of gold shell layer on 5nm-thick Cr coating, the binding energy for Cr is observed mainly at 574.91 and 698.91eV from Cr2p and Cr2s respectively. Figure S9 . XPS survey spectrum for bare pristine gold surface after contacting with the etching solution containing certain amount of pyridine and NBS for 16hr at room temperature. The concentration of the etching solution used here is same as that used in Figure S3 . It is found that under such condition, gold layer would be completely peeled off in 10min. Therefore, the present Figure shows that when the gold etching is complete, the further incubating in the etching solution for a relative long time (16hr) still results in the observable binding energy peaks from 5nm-thick Cr coating with slightly decreased intensity when comparing them with the binding energy signals from Cr layer after incubating in the etching solution for a short time (10min), indicating the etching from the etching solution would be largely suppressed on Cr layer. -around 290nm is continuously decreased when pyridine concentration increases gradually. In contrast, the characteristic peak for pyridine around 250nm is enhanced gradually with pyridine concentration increasing. -. The solvent used in NMR is CDCl3.
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